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(57) ABSTRACT

Inventive aspects include integrated clock gating logic that
can generate an internal glitch-free clock signal. Inventive
aspects further include a toggle latch that is coupled to the
integrated clock gating logic. The toggle latch can receive the
internal clock signal from the integrated clock gating logic.
The toggle latch can toggle and latch a data value responsive
to the internal clock signal. The integrated clock gating logic
can include a latch to latch a clock gating logic signal respon-
sive to a clock signal. The clock gating logic signal can cause
the internal clock signal to be quiescent when the input data to
the flip-flop remains constant, thereby conserving power con-
sumption.

11 Claims, 6 Drawing Sheets

| I
| I
| I
l'115 flo‘c‘ : J: TOGGLE C »QN
: 110 17 | 1367 | LATCH | M34
0 |1 LATCH 125 |
129 ( ' 4
D > |_eck 4 130
|
I S BN I = VO
i | 126 |
| CK I




U.S. Patent Aug. 16, 2016 Sheet 1 of 6 US 9,419,590 B2

I
|

105 !

/ : }: TOGGLE C » QN

| 136 LATCH | M134
|
|
|

2 1'D | QN eck QN+

\ 0 0 |eck=CK |1 (toggle)
0 1 0 1 (hold)
1 0 0 0 (hold)
1 1 | eck=CK | O(toggle)

FIG. 2



US 9,419,590 B2

Sheet 2 of 6

Aug. 16, 2016

U.S. Patent

-_—_——_——_——_——_—————_————

eckb

FIG. 3A

302

J

405

ckb

CK

FIG. 4

0

1

0

312| 313 1310|316

FIG. 3B

FIG.5



US 9,419,590 B2

Sheet 3 of 6

Aug. 16, 2016

U.S. Patent

9 'Ol

201D
TYNYILNI
059 029 019
\ / / / ND LNdLNO
049 ot9
099 0€9

4 4 7 7/ SNINNILS a

2 LNdNI J

} } } } ! } }
599 659 5%9 g€9 579 Q19 509



U.S. Patent Aug. 16, 2016 Sheet 4 of 6 US 9,419,590 B2

eckb eck | J
734 |

eckb 770 775

|

|

|

|

|§ - I:'i eck 57065 :
739 |
|

|

|

|

|

|



U.S. Patent Aug. 16, 2016 Sheet 5 of 6 US 9,419,590 B2

800

4

GENERATE, BY A FIRST LOGIC GATE, A CLOCK GATING LOGIC SIGNAL

+ 810

LATCH THE CLOCK GATING LOGIC SIGNAL RESPONSIVE TO A CLOCK I[
SIGNAL

v
815

RECEIVE, BY A SECOND LOGIC GATE, THE LATCHED CLOCK GATING LOGIC J~u
SIGNAL AND THE CLOCK SIGNAL

!

805

820
GATE THE CLOCK SIGNAL RESPONSIVE TO THE LATCHED CLOCK GATING |~/
LOGIC SIGNAL
825
GENERATE, BY THE SECOND LOGIC GATE, AN INTERNAL CLOCK SIGNAL
830
TOGGLE AND LATCH, BY A TOGGLE LATCH, AN OUTPUT VALUE |~

RESPONSIVE TO THE INTERNAL CLOCK SIGNAL

¢

FIG. 8




U.S. Patent Aug. 16, 2016 Sheet 6 of 6 US 9,419,590 B2

900 905

CLOCK910  lg———p] PROCESSOR 930
TOGGLE LATCH-
[ —P BASED FLIP-
FLOP(S) 932
RAM AND/OR
FLASH MEMORY jd—p>
915
-<§—p| BATTERY 940
MEMORY
CONTROLLER pt——>
945
P> MODEM 925
USER
e E—
INTERFACE 920

—p ATE 935

FIG. 9



US 9,419,590 B2

1
LOW POWER TOGGLE LATCH-BASED
FLIP-FLOP INCLUDING INTEGRATED
CLOCK GATING LOGIC

BACKGROUND

The present inventive concepts relate to semiconductor
circuits, and more particularly, to low power toggle latch-
based flip-flop circuits including integrated clock gating
logic.

Master-slave flip-flops are the most used standard cell in
central processing unit (CPU)-based semiconductor circuits.
As CPU core counts continue to increase along with the
evolution of CPU technology, the number of flip-flops instan-
tiated within a particular CPU design also continues to
increase. During normal CPU operations, the data input to
flip-flops often have extremely low change activity. But the
internal clock activity continues to toggle and burn power.
The flip-flops consume the most power in comparison to all
other standard cells used in CPU-based semiconductor cir-
cuits. The internal clock power consumption continues to
burn power at every clock cycle even when the input data to
the flip-flop has low change activity. The high consumption of
power impacts the longevity of battery life in mobile devices,
adds to heat build-up within devices themselves leading to
other performance-related issues, and for stationary devices
such as computer servers or desktop systems, increases the
overall cost of maintaining and powering the equipment.

BRIEF SUMMARY

Inventive concepts may include a toggle latch-based flip-
flop circuit that can generate an internal glitch-free clock
signal. The integrated clock gating logic can include a latch to
latch a clock gating logic signal responsive to a clock signal.
The clock gating logic signal can cause the internal clock
signal to be quiescent when the input data to the flip-flop
remains constant, thereby conserving power consumption.

The toggle latch-based flip-flop circuit can include a first
logic gate, a toggle latch that is coupled to an input terminal of
the first logic gate, a latch that is coupled to an output terminal
of'the first logic gate and to a clock, and a second logic gate.
The second logic gate can include a first input terminal that is
coupled to an output terminal of the latch, a second input
terminal that is coupled to the clock, and an output terminal
that is coupled to the toggle latch.

The latch can latch a clock gating logic signal received
from the output terminal of the first logic gate responsive to
the clock. The second logic gate can receive the clock gating
logic signal from an output terminal of the latch. The second
logic gate can perform a logic operation on the clock gating
logic signal and a clock signal generated by the clock. The
second logic gate can generate an internal clock signal
responsive to the logic operation.

The toggle latch can be coupled to the output terminal of
the second logic gate and can receive the internal clock signal
from the second logic gate. An output terminal of the toggle
latch can be coupled to an input terminal of the toggle latch.
The toggle latch can toggle and latch an output signal of the
toggle latch responsive to the internal clock signal received
from the second logic gate.

The input terminal of the first logic gate can be referred to
as a first input terminal. The first logic gate can further include
a second input terminal that is configured to receive a data
input signal. The first logic gate can be an exclusive-OR
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2

(XOR) gate. The first input terminal of the XOR gate can be
an inverted input. The second input terminal of the XOR gate
can be a non-inverted input.

An output terminal of the toggle latch can be coupled to the
first input terminal of the first logic gate. An input terminal of
the toggle latch can be coupled to the first input terminal of the
first logic gate. The output terminal of the toggle latch can
produce an output signal of the flip-flop circuit.

The toggle latch-based flip-flop circuit can further include
integrated clock gating logic including the first logic gate, the
latch, and the second logic gate. The integrated clock gating
logic can provide a glitch-free internal clock signal. The
toggle latch can toggle and latch an output signal of the
flip-flop responsive to the glitch-free internal clock signal.

In some embodiments, a toggle latch-based flip-flop circuit
can include integrated clock gating logic that is configured to
generate an internal clock signal, and a toggle latch that is
coupled to the integrated clock gating logic and configured to
receive the internal clock signal from the integrated clock
gating logic. The toggle latch can toggle and latch a data value
responsive to the internal clock signal.

The integrated clock gating logic can further include a first
logic gate, a latch that is coupled to an output terminal of the
first logic gate and to a clock, and a second logic gate. The
second logic gate can include a first input terminal that is
coupled to an output terminal of the latch, a second input
terminal that is coupled to the clock, and an output terminal
that is configured to transmit the internal clock signal.

The latch can latch a clock gating logic signal received
from an output terminal of the first logic gate responsive to the
clock. The second logic gate can receive the clock gating
logic signal from an output terminal of the latch. The second
logic gate can perform a logic operation on the clock gating
logic signal and a clock signal generated by the clock. The
second logic gate is configured to generate the internal clock
signal responsive to the logic operation.

The toggle latch can further include a first inverter, a trans-
mission gate coupled to the first inverter, a biasing inverter
coupled to the transmission gate, a first latch coupled to the
biasing inverter, a second inverter coupled to the biasing
inverter, and a second latch coupled to the second inverter.

An output terminal of the second inverter can be coupled to
an input terminal of the first inverter. The toggle latch can
toggle and latch an output signal of the second inverter
responsive to the internal clock signal received from the inte-
grated clock gating logic.

According to some embodiments of the inventive concept,
a method for gating a clock signal received by a toggle latch-
based flip-flop circuit can include generating, by a first logic
gate, a clock gating logic signal based at least on an input data
value to the flip-flop circuit and an output value from the
flip-flop circuit. The method can further include latching, by
a latch, the clock gating logic signal responsive to a clock
signal. The method can further include receiving, by a second
logic gate, the latched clock gating logic signal and the clock
signal. The method can further include gating, by the second
logic gate, the clock signal responsive to the latched clock
gating logic signal. The method can further include generat-
ing, by the second logic gate, an internal clock signal. The
method can further include toggling and latching, by a toggle
latch, the output value responsive to the internal clock signal.
Generating the internal clock signal can further comprise
generating, by the second logic gate, a glitch-free internal
clock signal.

Some embodiments of the inventive concept can comprise
a system including a bus, a memory coupled to the bus, and
processing logic coupled to the bus and to the memory. The
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processing logic can includes one or more toggle latch-based
flip-flop circuits. The one or more toggle latch-based flip-flop
circuits can each comprise a first logic gate, a toggle latch that
is coupled to an input terminal of the first logic gate, a latch
that is coupled to an output terminal of the first logic gate and
to a clock, and a second logic gate. The second logic gate can
include a first input terminal that is coupled to an output
terminal of the latch, a second input terminal that is coupled
to the clock, and an output terminal that is coupled to the
toggle latch.

Certain of the inventive features may be best achieved by
implementing them in a processor such as within ARM pro-
cessor core. Other types of processors or application specific
integrated circuits (ASICs) can implement the inventive prin-
ciples disclosed herein. The inventive concepts may be imple-
mented within processors and/or memory modules of a vari-
ety of mobile devices such as smart phones, tablets, notebook
computers, or the like, or in a variety of stationary devices
such as desktop computers, routers, embedded devices, or the
like.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and advantages of
the present inventive principles will become more readily
apparent from the following detailed description, made with
reference to the accompanying figures, in which:

FIG. 1A is an example circuit diagram of a low power
toggle latch-based flip-flop including integrated clock gating
logic in accordance with embodiments of the inventive con-
cept.

FIG. 1B is an example chart of a truth table associated with
a logic gate within the toggle latch-based flip-flop circuit of
FIG. 1A in accordance with embodiments of the inventive
concept.

FIG. 2 is an example chart of a truth table associated with
the toggle latch-based flip-flop circuit of FIG. 1A in accor-
dance with embodiments of the inventive concept.

FIG. 3A is an example circuit diagram of integrated clock
gating logic in accordance with embodiments of the inventive
concept.

FIG. 3B is an example chart of a truth table associated with
a logic gate within the integrated clock gating logic of FIG.
3 A in accordance with embodiments of the inventive concept.

FIG. 4 is an example circuit diagram of clock inverter in
accordance with embodiments of the inventive concept.

FIG. 5 is an example circuit diagram of a toggle latch in
accordance with embodiments of the inventive concept.

FIG. 6 is an example waveform diagram associated with
operation of the low power toggle latch-based flip-flop circuit
in accordance with embodiments of the inventive concept.

FIG. 7 is another example circuit diagram of a low power
toggle latch-based flip-flop in accordance with embodiments
of the inventive concept.

FIG. 8 is a flow diagram illustrating a technique for gating
aclock signal received by atoggle latch-based flip-flop circuit
in accordance with embodiments of the inventive concept.

FIG. 9 is an example block diagram of a computing system
including a processor and associated toggle latch-based flip
flop(s) according to embodiments of the inventive concept as
disclosed herein.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the inventive concept, examples of which are illustrated in the
accompanying drawings. In the following detailed descrip-
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tion, numerous specific details are set forth to enable a thor-
ough understanding of the inventive concept. It should be
understood, however, that persons having ordinary skill in the
art may practice the inventive concept without these specific
details. In other instances, well-known methods, procedures,
components, circuits, and networks have not been described
in detail so as not to unnecessarily obscure aspects of the
embodiments.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first circuit could be termed a second circuit, and,
similarly, a second circuit could be termed a first circuit,
without departing from the scope of the inventive concept.

The terminology used in the description of the inventive
concept herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the
inventive concept. As used in the description of the inventive
concept and the appended claims, the singular forms “a”,
“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will
also beunderstood that the term “and/or” as used herein refers
to and encompasses any and all possible combinations of one
or more of the associated listed items. It will be further under-
stood that the terms “comprises” and/or “comprising,” when
used in this specification, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof. The components and fea-
tures of the drawings are not necessarily drawn to scale.

In accordance with embodiments of the inventive concept,
a low power toggle latch-based flip-flop disables its internal
clock activity when it detects the input does not require the
output to change. The low power toggle latch-based flip-flop
can detect if an output needs to change based on a data input
state. If the data input state does not require change at the
output, this flip-flop can disable the internal clock. If data at
the input is new data, this flip-flop can toggle the output. In
such manner, the internal clock activity can be disabled when
the input data to the flip-flop remains constant. In other words,
during quiescent input, the flip-flop significantly reduces its
dynamic power consumption. Integrated clock gating logic
can gate or otherwise disable the internal clock. In addition, a
toggle latch is used to toggle the output when new input data
is detected.

FIG. 1A is an example circuit diagram of a low power
toggle latch-based flip-flop 100 including integrated clock
gating logic in accordance with embodiments of the inventive
concept. FIG. 1B is an example chart of a truth table 102
associated with a logic gate 110 within the toggle latch-based
flip-flop circuit 100 of FIG. 1A in accordance with embodi-
ments of the inventive concept. Reference is now made to
FIGS. 1A and 1B.

As shown in FIG. 1A, a clock signal generated by the clock
CK is gated by the logic gate 125 so that it is not propagated
through the flip-flop unless needed. If the data input D does
not require change at the output QN, then the logic gate 125
disables the internal clock signal eck. If the data input D is
new data, then the flip-flop toggles the output QN.

More specifically, the toggle latch-based flip-flop circuit
100 can include a first logic gate 110, a toggle latch 130 that
is coupled to an input terminal 120 of the first logic gate 110,
alatch 105 thatis coupled to an output terminal 112 of the first
logic gate 110. The latch 105 is coupled to the clock CK. In
addition, the flip-flop circuit 100 can include a second logic
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gate 125. The second logic gate 125 can include a first input
terminal 127 that is coupled to an output terminal 129 of the
latch, a second input terminal 126 that is coupled to the clock
CK, and an output terminal 132 that is coupled to the toggle
latch 130.

The first logic gate 110 can be an exclusive OR (XOR)
logic gate. The XOR logic gate 110 can include an inverted
input terminal 115 a non-inverted input terminal 117. The
non-inverted input terminal 117 can receive a data input sig-
nal D. The second logic gate 125 can be an AND gate. It will
be understood that other kinds of logic gates forming equiva-
lents or substantial equivalents to such gates can be used
without departing from the inventive concept.

FIG. 1B illustrates a truth table for the first logic gate 110.
The truth table 102 includes columns for the terminal 117 of
the first logic gate 110, terminal 120 ofthe first logic gate 110,
the inverted terminal 115 of the first logic gate 110, and the
output terminal 112 of the first logic gate 110. The output data
value transmitted by the output terminal 112 depends on the
input data value D and the current output data value QN. For
example, when the input data value D at terminal 117 is a
logical zero (0) and the current output data value QN at
terminal 120 is a logical 0, then the output data value trans-
mitted by the output terminal 112 is a logical one (1). By way
of another example, when the input data value D at terminal
117 is a logical 0 and the current output data value QN at
terminal 120 is a logical 1, then the output data value trans-
mitted by the output terminal 112 is a logical 0. By way of yet
another example, when the input data value D at terminal 117
is a logical 1 and the current output data value QN at terminal
120 is a logical 0, then the output data value transmitted by the
output terminal 112 is a logical 0. By way of still another
example, when the input data value D at terminal 117 is a
logical 1 and the current output data value QN at terminal 120
is a logical 1, then the output data value transmitted by the
output terminal 112 is a logical 1.

The latch 105 can latch a clock gating logic signal received
from the output terminal 112 of the first logic gate 110 respon-
sive to the clock CK. In some embodiments, the clock gating
logic signal is latched by the latch 105 on a substantially
rising edge of the clock CK.

The second logic gate 125 can receive the clock gating
logic signal from an output terminal 129 of the latch 105. The
second logic gate 125 can perform a logic operation on the
clock gating logic signal and the clock signal generated by the
clock CK. For example, the second logic gate 125 can per-
form a logical AND operation on these signals. The second
logic gate 125 can generate an internal clock signal eck
responsive to the logic operation.

The toggle latch 130 can be coupled to the output terminal
132 of the second logic gate 125 and can receive the internal
clock signal eck from the second logic gate 125. An output
terminal 134 of the toggle latch 130 can be coupled to an input
terminal 136 of the toggle latch 130. The output terminal 134
of the toggle latch 130 can be coupled to the first input
terminal 120 of the first logic gate 110. The input terminal 136
of the toggle latch 130 can also be coupled to the first input
terminal 120 of the first logic gate 110.

The toggle latch 130 can toggle and latch an output signal
QN of the toggle latch 130 responsive to the internal clock
signal eck received from the second logic gate 125. For
example, the toggle latch 130 can toggle and latch the output
signal QN ofthe toggle latch 130 responsive to a substantially
rising edge of the internal clock signal eck. The output termi-
nal 134 of the toggle latch 130 can produce the output signal
QN of the flip-flop circuit 100.
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Integrated clock gating logic 135 can include the first logic
gate 110, the latch 105, and the second logic gate 125. The
integrated clock gating logic 135 can provide a glitch-free
internal clock signal eck. The toggle latch 130 can toggle and
latch the output signal QN of the flip-flop 100 responsive to
the glitch-free internal clock signal eck.

The flip-flop 100, with integrated clock gating 135 and
toggle latch 130, can disable internal clock and data activity,
thereby significantly reducing dynamic power by up to 70%
when it detects the input does not require the output QN to
change. The operation of the low power toggle latch-based
flip flop circuit 100 is further described below with reference
to the waveform diagram of FIG. 6.

FIG. 2 is an example chart of a truth table 200 associated
with the toggle latch-based flip-flop circuit 100 of FIG. 1A in
accordance with embodiments of the inventive concept. The
truth table 200 includes columns for the input data value D,
the current output data value QN, the state of the internal
clock signal eck, and the next output data value QN+. The
next output data value QN+ depends on the input data value D
and the current output data value QN.

For example, when the input data value D is a logical 0 and
the current output data value QN is a logical O, then the
internal clock signal eck is equal to the clock signal generated
by the clock CK, which strobes the toggle latch 130 (of FIG.
1A), thereby causing the current output data value QN to be
toggled to a logical 1 (i.e., the next output date value QN+).
By way of another example, when the input data value D is a
logical 0 and the current output data value QN is a logical 1,
then the internal clock signal eck is gated (i.e., the internal
cock signal eck is disabled or set to a logical 0), thereby
causing the current output data value QN to be held at a
logical 1 value (i.e., the next output date value QN+). By way
of yet another example, when the input data value D is a
logical 1 and the current output data value QN is a logical O,
then the internal clock signal eck is gated (i.e., the internal
cock signal eck is disabled or set to a logical 0), thereby
causing the current output data value QN to be held at a
logical 0 value (i.e., the next output date value QN+). By way
of still another example, when the input data value D is a
logical 1 and the current output data value QN is a logical 1,
then the internal clock signal eck is equal to the clock signal
generated by the clock CK, which strobes the toggle latch 130
(of FIG. 1A), thereby causing the current output data value
QN to be toggled to alogical O (i.e., the next output date value
QN+).

FIG. 3A is an example circuit diagram of integrated clock
gating logic 335 in accordance with embodiments of the
inventive concept. FIG. 3B is an example chart of a truth table
302 associated with a logic gate 305 within the integrated
clock gating logic 335 of FIG. 3A inaccordance with embodi-
ments of the inventive concept. FIG. 4 is an example circuit
diagram of clock inverter 405 in accordance with embodi-
ments of the inventive concept. FIG. 5 is an example circuit
diagram of a toggle latch 530 in accordance with embodi-
ments of the inventive concept. Reference is now made to
FIGS. 3A, 3B, 4, and 5.

The toggle latch-based flip-flop circuit can include inte-
grated clock gating logic 335 that can generate an internal
clock signal eck. A toggle latch 530 can be coupled to the
integrated clock gating logic 335. The toggle latch 530 can
receive the internal clock signal eck from the integrated clock
gating logic 335. The toggle latch 530 can toggle and latch a
data value QN responsive to the internal clock signal eck. For
example, the toggle latch 530 can toggle and latch a data value
QN responsive to a substantially rising edge of the internal
clock signal eck.
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The integrated clock gating logic 335 can include a first
logic gate 305. The first logic gate 305 can be an exclusive
NOR (XNOR) gate. The XNOR gate can include a non-
inverting input terminal 312 to receive an input data value D,
and an inverting input terminal 310 to receive a current output
data value QN.

FIG. 3B illustrates a truth table for the first logic gate 305.
The truth table 302 includes columns for the terminal 312 of
the first logic gate 305, terminal 313 ofthe first logic gate 305,
the inverted terminal 310 of the first logic gate 305, and the
output terminal 316 of the first logic gate 305. The output data
value transmitted by the output terminal 316 depends on the
input data value D and the current output data value QN. For
example, when the input data value D at terminal 312 is a
logical 0 and the current output data value QN at terminal 313
is a logical 0, then the output data value transmitted by the
output terminal 316 is a logical 0. By way of another example,
when the input data value D at terminal 312 is a logical 0 and
the current output data value QN at terminal 313 is a logical 1,
then the output data value transmitted by the output terminal
316 is a logical 1. By way of yet another example, when the
input data value D atterminal 312 is a logical 1 and the current
output data value QN at terminal 313 is a logical 0, then the
output data value transmitted by the output terminal 316 is a
logical 1. By way of still another example, when the input
data value D at terminal 312 is a logical 1 and the current
output data value QN at terminal 313 is a logical 1, then the
output data value transmitted by the output terminal 316 is a
logical 0.

Transmission gate 314 can transmit a clock gating logic
signal from the first logic gate 305 to a latch 337. The trans-
mission gate 314 can be controlled by the clock CK and an
inverted clock ckb. The inverted clock ckb can be generated
using a clock inverter 405 as shown in FIG. 4.

The latch 337 can be coupled to an output terminal 316 of
the first logic gate 305 and to the clock CK. The latch 337 can
include an inverter 315 and a tri-state inverter 320. The tri-
state inverter 320 can be controlled by the clock CK. The
inverter 315 and the tri-state inverter 320 can be arranged to
form a latch circuit. The latch 337 can latch a clock gating
logic signal received from an output terminal 316 of the first
logic gate 305 responsive to the clock CK.

The integrated clock gating logic 335 can further include a
second logic gate 325. The second logic gate 325 can be a
NAND gate. The second logic gate 325 can include a first
input terminal 327 that is coupled to an output terminal 329 of
the latch 337. A second input terminal 332 is coupled to the
clock CK. The second logic gate 325 can receive the clock
gating logic signal from the output terminal 329 of the latch
337. The second logic gate 325 can perform a logic operation
on the clock gating logic signal and a clock signal generated
by the clock CK. For example, the second logic gate 325 can
perform a NAND logic operation. The second logic gate is
configured to generate the inverted internal clock signal eckb
responsive to the logic operation. The integrated clock gating
logic 335 can further include an inverter 330 to invert the
inverted internal clock signal eckb received from the second
logic gate 325 to produce the internal clock signal eck. An
output terminal 334 can transmit the internal clock signal eck.

The toggle latch 530 (of FIG. 5) can include a first inverter
505, a transmission gate 510 coupled to the first inverter 505,
a biasing inverter 515 coupled to the transmission gate 510, a
first latch 545 coupled to the biasing inverter 515, a second
inverter 532 coupled to the biasing inverter 515, and a second
latch 550 coupled to the second inverter 532. An output ter-
minal 534 of the second inverter 532 can be coupled to an
input terminal 536 of the first inverter 505. The toggle latch
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530 can toggle and latch an output signal 534 of the second
inverter 532 responsive to the internal clock signal eck
received from the integrated clock gating logic 335.

Each of the latches 545 and 550 can include an inverter
(e.g., 520 and 535, respectively) and a tri-state inverter (e.g.,
525 and 540, respectively). The tri-state inverter 525 can be
controlled by the internal clock signal eck. The tri-state
inverter 550 can be controlled by the inverted internal clock
signal eckb. The latch 545 can latch a toggled output signal
QN received from the transmission gate 510. The biasing
inverter 515 can include four inputs. The biasing inverter 515
can include two inverted input terminals and two non-in-
verted input terminals. The inverter 515 can also be an
enabled inverter (i.e., enabled with eck), an inverter to a
transmission gate (i.e., where the transmission gate is con-
trolled by eck), or a tri-state inverter (i.e., that is controlled by
eck). The output of the inverter 515 can be transmitted to the
inverter 532, which inverts the signal, thereby causing a
toggled output signal QN+ to be transmitted by the toggle
latch 530.

FIG. 6 is an example waveform diagram 600 associated
with operation of the low power toggle latch-based flip-flop
circuit in accordance with embodiments of the inventive con-
cept described above. The waveform labeled INPUT CK is an
input clock signal that can be a substantially square wave
periodic signal. The INPUT CK is referred to above as the
clock CK. The INPUT CK is received from a clock that is
external to the flip-flop circuit itself. The waveform labeled D
STIMULUS represents the data input value (i.e., input signal)
received at the input of the flip-flop. The waveform labeled
OUTPUT QN represents the data output value (i.e., output
signal QN) generated by the flip-flop. The waveform labeled
INTERNAL CLOCK represents the internal clock signal,
referred to as eck above.

As can be seen in FIG. 6, the INTERNAL CLOCK signal
is quiescent during several of the INPUT CK periods. Indeed,
the INTERNAL CLOCK signal can remain quiescent (i.e.,
disabled, gated, and/or set to a logical 0) for any suitable
amount of time as long as the input to the flip-flop does not
require the output of the flip-flop to change. The next OUT-
PUT QN value changes responsive to the state of the current
OUTPUT QN value and the D STIMULUS.

For example, at time 605, the current OUTPUT QN value
is a logical 1 and the value of D STIMULUS is a logical 0.
According to the truth table 200 of FIG. 2 and associated
flip-flop circuits described above, the INTERNAL CLOCK
eck remains quiescent (i.e., disabled, gated, and/or set to a
logical 0), and the next OUTPUT QN value is therefore held
at a logical 1, as shown at 610.

More specifically, with reference to the flip-flop circuit of
FIG. 1A, at time 605, where QN=1 and D=0, the logic gate
110 generates a logical 0 value, which is latched by latch 105.
The second logic gate 125 receives the logical 0 value and
performs an AND operation with a clock signal generated by
the clock CK. This operation gates the clock signal generated
by the clock CK such that the internal clock signal eck is
quiescent, and therefore, the next OUTPUT QN value (i.e.,
QN+) value is held at a logical 1, as shown at 610.

With reference to the integrated clock gating logic 335 of
FIG. 3A, at time 605, where QN=1 and D=0, the logic gate
305 generates a logical 1 value, which is latched by latch 337.
The latch 337 inverts the logical 1 to a logical 0 value, which
is transmitted to the second logic gate 325. The second logic
gate 325 receives the logical 0 value and performs a NAND
operation with the clock signal generated by the clock CK.
This operation produces the inverted internal clock signal
eckb, in this case logical 1, which is inverted by inverter 330
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to become the internal clock signal eck, in this case logical 0,
which gates the clock signal generated by the clock CK such
that the internal clock signal eck is quiescent. Consequently,
the next OUTPUT QN value (i.e., QN+) value is held at a
logical 1, as shown at 610.

By way of another example, at time 615, the current OUT-
PUT QN value is a logical 1 and the value of D STIMULUS
is a logical 0, which is similar to the previous example.
According to the truth table 200 of FIG. 2 and associated
flip-flop circuits described above, the INTERNAL CLOCK
eck remains quiescent (i.e., disabled, gated, and/or set to a
logical 0), and the next OUTPUT QN value is therefore held
at a logical 1, as shown at 620.

By way of yet another example, at time 625, the current
OUTPUT QN value is a logical 1 and the value of D STIMU-
LUS is a logical 1. According to the truth table 200 of FIG. 2
and associated flip-flop circuits described above, the INTER-
NAL CLOCK eck s substantially equivalent to the CK signal
(e.g., by operation of the integrated clock gating logic), and
the next OUTPUT QN value is therefore toggled from a
logical 1 to a logical 0, as shown at 630.

More specifically, with reference to the flip-flop circuit of
FIG. 1A, at time 625, where QN=1 and D=1, the logic gate
110 generates a logical 1 value, which is latched by latch 105.
The second logic gate 125 receives the logical 1 value and
performs an AND operation with the clock signal generated
by the clock CK. This operation causes the clock signal gen-
erated by the clock CK to pass through the second logic gate
125 as the internal clock signal eck, and therefore, the next
OUTPUT QN value (i.e., QN+) value is toggled from a logi-
cal 1 to a logical 0, as shown at 630.

With reference to the integrated clock gating logic 335 of
FIG. 3A, at time 625, where QN=1 and D=1, the logic gate
305 generates a logical 0 value, which is latched by latch 337.
The latch 337 inverts the logical 0 to a logical 1 value, which
is transmitted to the second logic gate 325. The second logic
gate 325 receives the logical 1 value and performs a NAND
operation with the clock signal generated by the clock CK.
This operation produces the inverted internal clock signal
eckb, in this case logical 0, which is inverted by inverter 330
to become the internal clock signal eck, in this case logical 1,
which causes the internal clock signal eck to be substantially
equivalent to the clock signal generated by the clock CK for a
period, and therefore, the next OUTPUT QN value (i.e.,
QN+) value is toggled from a logical 1 to a logical 0, as shown
at 630.

By way of still another example, at time 635, the current
OUTPUT QN value is a logical 0 and the value of D STIMU-
LUS is a logical 1. According to the truth table 200 of FIG. 2
and associated flip-flop circuits described above, the INTER-
NAL CLOCK eck remains quiescent (i.e., disabled, gated,
and/or set to a logical 0), and the next OUTPUT QN value is
therefore held to a logical 0, as shown at 640.

More specifically, with reference to the flip-flop circuit of
FIG. 1A, at time 635, where QN=0 and D=1, the logic gate
110 generates a logical 0 value, which is latched by latch 105.
The second logic gate 125 receives the logical 0 value and
performs an AND operation with a clock signal generated by
the clock CK. This operation gates the clock signal generated
by the clock CK such that the internal clock signal eck is
quiescent, and therefore, the next OUTPUT QN value (i.e.,
QN+) value is held at a logical 0, as shown at 640.

With reference to the integrated clock gating logic 335 of
FIG. 3A, at time 635, where QN=0 and D=1, the logic gate
305 generates a logical 1 value, which is latched by latch 337.
The latch 337 inverts the logical 1 to a logical 0 value, which
is transmitted to the second logic gate 325. The second logic
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gate 325 receives the logical 0 value and performs a NAND
operation with a clock signal generated by the clock CK. This
operation produces the inverted internal clock signal eckb, in
this case logical 1, which is inverted by inverter 330 to
become the internal clock signal eck, in this case logical 0,
which gates the clock signal generated by the clock CK such
that the internal clock signal eck is quiescent. Consequently,
the next OUTPUT QN value (i.e., QN+) value is held at a
logical 0, as shown at 640.

By way of another example, at time 645, the current OUT-
PUT QN value is a logical 0 and the value of D STIMULUS
is a logical 0. According to the truth table 200 of FIG. 2 and
associated flip-flop circuits described above, the INTERNAL
CLOCK eck is substantially equivalent to the CK signal (e.g.,
by operation of the integrated clock gating logic), and the next
OUTPUT QN value is therefore toggled from a logical 0to a
logical 1, as shown at 650.

More specifically, with reference to the flip-flop circuit of
FIG. 1A, at time 645, where QN=0 and D=0, the logic gate
110 generates a logical 1 value, which is latched by latch 105.
The second logic gate 125 receives the logical 1 value and
performs an AND operation with a clock signal generated by
the clock CK. This operation causes the clock signal gener-
ated by the clock CK to pass through the second logic gate
125 as the internal clock signal eck for a period, and therefore,
the next OUTPUT QN value (i.e., QN+) value is toggled from
a logical 0 to a logical 1, as shown at 650.

With reference to the integrated clock gating logic 335 of
FIG. 3A, at time 645, where QN=0 and D=0, the logic gate
305 generates a logical 0 value, which is latched by latch 337.
The latch 337 inverts the logical 0 to a logical 1 value, which
is transmitted to the second logic gate 325. The second logic
gate 325 receives the logical 1 value and performs a NAND
operation with a clock signal generated by the clock CK. This
operation produces the inverted internal clock signal eckb, in
this case logical 0, which is inverted by inverter 330 to
become the internal clock signal eck, in this case logical 1,
which causes the internal clock signal eck to be substantially
equivalent to the clock signal generated by the clock CK for a
period, and therefore, the next OUTPUT QN value (i.e.,
QN+) value is toggled from a logical 0 to a logical 1, as shown
at 650.

By way of another example, at time 655, the current OUT-
PUT QN value is a logical 1 and the value of D STIMULUS
is a logical 1. According to the truth table 200 of FIG. 2 and
associated flip-flop circuits described above, the INTERNAL
CLOCK eck is substantially equivalent to the CK signal (e.g.,
by operation of the integrated clock gating logic), and the next
OUTPUT QN value is therefore toggled from a logical 1 to a
logical 0, as shown at 660.

By way of still another example, at time 665, the current
OUTPUT QN value is a logical 0 and the value of D STIMU-
LUS is a logical 1. According to the truth table 200 of FIG. 2
and associated flip-flop circuits described above, the INTER-
NAL CLOCK eck remains quiescent (i.e., disabled, gated,
and/or set to a logical 0), and the next OUTPUT QN value is
therefore held to a logical 0, as shown at 670.

As can be seen in FIG. 6, a glitch-free INTERNAL
CLOCK eck signal is produced. In other words, the glitch-
free INTERNAL CLOCK eck signal, when enabled, can sub-
stantially mimic the waveform of the INPUT CK signal for
one or more clock periods without spikes or other abnormali-
ties. This is possible due to the integrated clock gating logic as
described and illustrated herein. Moreover, if the D STIMU-
LUS does not require change at the OUTPUT QN, then the
INTERNAL CLOCK eck signal is quiescent, thereby reduc-
ing power consumption.
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FIG. 7 is another example circuit diagram of a low power
toggle latch-based flip-flop 700 in accordance with embodi-
ments of the inventive concept. In this embodiment, the
toggle latch-based flip-flop circuit 700 can include integrated
clock gating logic 735 that can generate an internal clock
signal eck. A toggle latch 737 can be coupled to the integrated
clock gating logic 735. The toggle latch 737 can receive the
internal clock signal eck from the integrated clock gating
logic 735. The toggle latch 737 can toggle and latch a data
value D responsive to the internal clock signal eck. For
example, the toggle latch 737 can toggle and latch a data value
D responsive to a substantially rising edge of the internal
clock signal eck.

The integrated clock gating logic 735 can include a first
logic gate 705. The first logic gate 705 can be an exclusive OR
(XOR) gate. The XOR gate 705 can include a non-inverting
input terminal 712 to receive an input data value D, and an
inverting input terminal 710 to receive a current output data
value QN. The truth table 102 of FIG. 1A is applicable to the
XOR gate 705, and therefore, a description of this is not
repeated.

The first logic gate 705 can transmit a clock gating logic
signal from the first logic gate 705 to a second logic gate 725.
The second logic gate 725 can be a NAND gate. The second
logic gate 725 can include a first input terminal 727 that is
coupled to an output terminal 729 of the first logic gate 705.
A second input terminal 732 is coupled to the clock CK. The
second logic gate 725 can receive an enable clock signal from
the output terminal 729 of the first logic gate 705. The second
logic gate 725 can perform a logic operation on the enable
clock signal and a clock signal generated by the clock CK. For
example, the second logic gate 725 can perform a NAND
logic operation. The second logic gate 725 is configured to
generate the inverted internal clock signal eckb responsive to
the logic operation. The integrated clock gating logic 735 can
further include an inverter 730 to invert the inverted internal
clock signal eckb received from the second logic gate 725 to
produce the internal clock signal eck. An output terminal 734
can transmit the internal clock signal eck.

The toggle latch 737 can include an inverter 755, a trans-
mission gate 760 coupled to the inverter 755, a biasing
inverter 770 coupled to the transmission gate 760, an inverter
780 coupled to the biasing inverter 770, and a transmission
gate 790 coupled to the biasing inverter 770 and to the inverter
780. In addition, the transmission gate 790 can be coupled to
an inverter 785, which outputs the data value QN. Moreover,
the transmission gate 790 can be coupled to an inverter 765, a
biasing inverter 775. An output terminal 736 of the inverter
785 can be coupled to an input terminal 739 of the inverter
755. The toggle latch 737 can toggle and latch an output
signal QN responsive to the internal clock signal eck received
from the integrated clock gating logic 735.

FIG. 8 is a flow diagram 800 illustrating a technique for
gating a clock signal received by a toggle latch-based flip-flop
circuit in accordance with embodiments of the inventive con-
cept. The technique begins at 805 where a clock gating logic
signal can be generated, by a first logic gate, based at least on
an input data value D to the flip-flop circuit and an output
value QN from the flip-flop circuit. The flow proceeds to 810
where the clock gating logic signal can be latched, by a latch,
responsive to a clock signal. At 815, the latched clock gating
logic signal and the clock signal are received, by a second
logic gate. At 820, the clock signal can be gated, by the second
logic gate, responsive to the latched clock gating logic signal.
At 825, an internal clock signal can be generated, by the
second logic gate. The output value can be toggled and
latched, at 830, by a toggle latch, responsive to the internal
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clock signal. In some embodiments, the second logic gate can
generate a glitch-free internal clock signal.

FIG. 9 is an example block diagram of a computing system
900 including processor 930 and associated toggle latch-
based flip-flop(s) 932 according to embodiments of the inven-
tive concept as disclosed herein. The toggle latch-based flip-
flop(s) 932 are described in detail above, and therefore, such
description is not repeated. The processor 930 may be elec-
trically connected to a system bus 905. The computing system
900 may also include a clock 910, a random access memory
(RAM) and/or flash memory 915, a memory controller 945, a
user interface 920, a modem 925 such as a baseband chipset,
and/or automated test equipment (ATE) 935, any or all of
which may be electrically coupled to the system bus 905.

If the computing system 900 is a mobile device, it may
further include a battery 940, which powers the computing
system 900. Although not shown in FIG. 9, the computing
system 900 may further include an application chipset, a
camera image processor (CIS), amobile DRAM, and the like.
The memory controller 945 and the flash memory 915 may
constitute a solid state drive/disk (SSD), which uses a non-
volatile memory to store data.

In example embodiments, the computing system 900 may
be used as a computer, portable computer, Ultra Mobile PC
(UMPC), workstation, net-book, PDA, web tablet, wireless
phone, mobile phone, smart phone, e-book, PMP (portable
multimedia player), digital camera, digital audio recorder/
player, digital picture/video recorder/player, portable game
machine, navigation system, black box, 3-dimensional tele-
vision, a device capable of transmitting and receiving infor-
mation at a wireless circumstance, one of various electronic
devices constituting home network, one of various electronic
devices constituting computer network, one of various elec-
tronic devices constituting a telematics network, RFID, or
one of various electronic devices constituting a computing
system.

The following discussion is intended to provide a brief,
general description of a suitable machine or machines in
which certain aspects of the inventive concept can be imple-
mented. Typically, the machine or machines include a system
bus to which is attached processors, memory, e.g., random
access memory (RAM), read-only memory (ROM), or other
state preserving medium, storage devices, a video interface,
and input/output interface ports. The machine or machines
can be controlled, at least in part, by input from conventional
input devices, such as keyboards, mice, etc., as well as by
directives received from another machine, interaction with a
virtual reality (VR) environment, biometric feedback, or
other input signal. As used herein, the term “machine” is
intended to broadly encompass a single machine, a virtual
machine, or a system of communicatively coupled machines,
virtual machines, or devices operating together. Exemplary
machines include computing devices such as personal com-
puters, workstations, servers, portable computers, handheld
devices, telephones, tablets, etc., as well as transportation
devices, such as private or public transportation, e.g., auto-
mobiles, trains, cabs, etc.

The machine or machines can include embedded control-
lers, such as programmable or non-programmable logic
devices or arrays, Application Specific Integrated Circuits
(ASICs), embedded computers, smart cards, and the like. The
machine or machines can utilize one or more connections to
one or more remote machines, such as through a network
interface, modem, or other communicative coupling.
Machines can be interconnected by way of a physical and/or
logical network, such as an intranet, the Internet, local area
networks, wide area networks, etc. One skilled in the art will
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appreciate that network communication can utilize various
wired and/or wireless short range or long range carriers and
protocols, including radio frequency (RF), satellite, micro-
wave, Institute of Electrical and Electronics Engineers
(IEEE) 545.11, Bluetooth®, optical, infrared, cable, laser,
etc.

Embodiments of the present inventive concept can be
described by reference to or in conjunction with associated
data including functions, procedures, data structures, appli-
cation programs, etc. which when accessed by a machine
results in the machine performing tasks or defining abstract
data types or low-level hardware contexts. Associated data
can be stored in, for example, the volatile and/or non-volatile
memory, e.g., RAM, ROM, etc., or in other storage devices
and their associated storage media, including hard-drives,
floppy-disks, optical storage, tapes, flash memory, memory
sticks, digital video disks, biological storage, etc. Associated
data can be delivered over transmission environments,
including the physical and/or logical network, in the form of
packets, serial data, parallel data, propagated signals, etc.,
and can be used in a compressed or encrypted format. Asso-
ciated data can be used in a distributed environment, and
stored locally and/or remotely for machine access.

Having described and illustrated the principles of the
inventive concept with reference to illustrated embodiments,
it will be recognized that the illustrated embodiments can be
modified in arrangement and detail without departing from
such principles, and can be combined in any desired manner.
And although the foregoing discussion has focused on par-
ticular embodiments, other configurations are contemplated.
In particular, even though expressions such as “according to
an embodiment of the inventive concept” or the like are used
herein, these phrases are meant to generally reference
embodiment possibilities, and are not intended to limit the
inventive concept to particular embodiment configurations.
As used herein, these terms can reference the same or differ-
ent embodiments that are combinable into other embodi-
ments.

Embodiments of the inventive concept may include a non-
transitory machine-readable medium comprising instructions
executable by one or more processors, the instructions com-
prising instructions to perform the elements of the inventive
concepts as described herein.

The foregoing illustrative embodiments are not to be con-
strued as limiting the inventive concept thereof. Although a
few embodiments have been described, those skilled in the art
will readily appreciate that many modifications are possible
to those embodiments without materially departing from the
novel teachings and advantages of the present disclosure.
Accordingly, all such modifications are intended to be
included within the scope of this inventive concept as defined
in the claims.

What is claimed is:

1. A toggle latch-based flip-flop circuit, comprising:

a first logic gate;

an input terminal of a toggle latch that is directly coupled to

a first input terminal of the first logic gate;

an output terminal of the toggle latch is coupled to the first

input terminal of the first logic gate;

alatch that is coupled to an output terminal of the first logic

gate and to a clock; and

a second logic gate including:

afirstinput terminal that is coupled to an output terminal
of the latch;
a second input terminal that is coupled to the clock; and
an output terminal that is coupled to the toggle latch,
wherein:
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the first logic gate further includes a data input terminal that

is configured to receive a data input signal;

the first logic gate is an exclusive-OR (XOR) gate;

the first input terminal of the XOR gate is inverted;

the data input terminal of the XOR gate is non-inverted;

in response to the data input signal being a logical 0 and a

data output signal on the output terminal of the toggle
latch being a logical 0, the toggle latch is configured to
toggle the output signal;

in response to the data input signal being a logical 0 and the

data output signal on the output terminal of the toggle
latch being a logical 1, the toggle latch is configured to
hold the output signal;

in response to the data input signal being a logical 1 and the

data output signal on the output terminal of the toggle
latch being a logical 0, the toggle latch is configured to
hold the output signal; and

in response to the data input signal being a logical 1 and the

data output signal on the output terminal of the toggle
latch being a logical 1, the toggle latch is configured to
toggle the output signal.
2. The toggle latch-based flip-flop circuit of claim 1,
wherein the latch is configured to latch a clock gating logic
signal received from the output terminal of the first logic gate
responsive to the clock.
3. The toggle latch-based flip-flop circuit of claim 2,
wherein:
the second logic gate is configured to receive the clock
gating logic signal from an output terminal of the latch;

the second logic gate is configured to perform a logic
operation on the clock gating logic signal and a clock
signal generated by the clock; and

the second logic gate is configured to generate an internal

clock signal responsive to the logic operation.

4. The toggle latch-based flip-flop circuit of claim 3,
wherein the toggle latch is coupled to the output terminal of
the second logic gate and is configured to receive the internal
clock signal from the second logic gate.

5. The toggle latch-based flip-flop circuit of claim 4,
wherein:

an output terminal of the toggle latch is coupled to the input

terminal of the toggle latch; and

the toggle latch is configured to toggle and latch an output

signal of the toggle latch responsive to the internal clock
signal received from the second logic gate.

6. The toggle latch-based flip-flop circuit of claim 1,
wherein the output terminal of the toggle latch is a data output
terminal that is configured to produce a data output signal of
the flip-flop circuit, and wherein the inverted first input ter-
minal of the XOR gate is coupled to the data output terminal
of the toggle latch and configured to receive the data output
signal of the flip-flop circuit.

7. The toggle latch-based flip-flop circuit of claim 1, further
comprising:

integrated clock gating logic including the first logic gate,

the latch, and the second logic gate, wherein the inte-
grated clock gating logic is configured to provide a
glitch-free internal clock signal.

8. The toggle latch-based flip-flop circuit of claim 7,
wherein the toggle latch is configured to toggle and latch an
output signal of the flip-flop responsive to the glitch-free
internal clock signal.

9. A system, comprising:

a bus;

a memory coupled to the bus; and
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processing logic coupled to the bus and to the memory,
wherein the processing logic includes one or more
toggle latch-based flip-flop circuits,
wherein the one or more toggle latch-based flip-flop cir-
cuits each comprise:
a first logic gate;
an input terminal of a toggle latch that is directly coupled
to a first input terminal of the first logic gate;
an output terminal of the toggle latch is coupled to the
first input terminal of the first logic gate;
a latch that is coupled to an output terminal of the first
logic gate and to a clock; and
a second logic gate including:
a first input terminal that is coupled to an output
terminal of the latch;
a second input terminal that is coupled to the clock;
and
an output terminal that is coupled to the toggle latch,
wherein:
the first logic gate further includes a data input terminal that
is configured to receive a data input signal;
the first logic gate is an exclusive-OR (XOR) gate;
the first input terminal of the XOR gate is inverted;
the data input terminal of the XOR gate is non-inverted;
in response to the data input signal being a logical 0 and a
data output signal on the output terminal of the toggle
latch being a logical 0, the toggle latch is configured to
toggle the output signal;

16

in response to the data input signal being a logical 0 and the
data output signal on the output terminal of the toggle
latch being a logical 1, the toggle latch is configured to
hold the output signal;

5 in response to the data input signal being a logical 1 and the
data output signal on the output terminal of the toggle
latch being a logical 0, the toggle latch is configured to
hold the output signal; and

in response to the data input signal being a logical 1 and the

10 data output signal on the output terminal of the toggle
latch being a logical 1, the toggle latch is configured to
toggle the output signal.

10. The system of claim 9, wherein the output terminal of
the toggle latch is a data output terminal that is configured to

15 produce a data output signal of the flip-flop circuit, and

wherein the inverted first input terminal of the XOR gate is
coupled to the data output terminal of the toggle latch and
configured to receive the data output signal of the flip-flop
circuit.

20 11. The system of claim 9, wherein the toggle latch com-

prises:
a first inverter;
a transmission gate coupled to the first inverter;
a biasing inverter coupled to the transmission gate;

25 afirst latch coupled to the biasing inverter;

a second inverter coupled to the biasing inverter; and
a second latch coupled to the second inverter.
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